PALEOECOLOGICAL STUDY OF TAIWAN (4) 
Waichiataoken profile 1 

Tseng-Chieng Huang c,) 

Abstract: In order to answer the question as to when deforesta¬ 
tion started and when grasslands became dominant in the Puli Basin, 
the Waichiataoken profile II was selected as a control site for pollen 
analysis. After analyzing 10.873 spores, and 19,363 pollen grains belong¬ 
ing to 6 families and 12 genera of Gymnosperms, 94 families and 146 
genera of Dicotyledons, and 13 families and 18 genera of Monocoty¬ 
ledons, the author came to the conclusion that the selection of this 
control site was unfortunate, because the Lauro-Fagaceae forest 
association has constantly prevailed in this area since the upper 
Pliocene. The past climate is recognized as having been warm 
temperate from the upper Pliocene through to the Recent periodf?) 
or Pleistocene? with slight climatic fluctuation during some periods. 

INTRODUCTION 

Waichiataoken is located between longitudes 120*50' to 121“ East and latitudes 
23*40' to 23°50' North in the Yuchu Basin of Nantou county, Taiwan ROC, and in 
the southeastern part of Puli and northeastern part of Yuchu (Fig. 1). 



Fig. 1. Geographical map showing the sampling locality. 
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The elevation at Waichiataoken is about 600-700 m. higher than that of the 
Puli Basin. The climatic condition is known as subtropical, with an annual rainfall 
of c. 2322 mm. and an annual average temperature c. 19.2’C, the coldest month being 
January with an average temperature of c. 14 0 C and the warmest month being 
July with an average temperature of 22.8‘C. The rainfall is a little heavier and 
the temperature is slightly cooler than that of the Puli Basin. As the climate is 
moist and warm, so the vegetation in the past has been rich and a large peat depo¬ 
sition has been discovered here. Two profiles were drilled and Number II was 
assigned to us for pollen analysis. We selected this profile as a control profile in 
order to trace the time when deforestation began and when the grassland was 
formed at the Puli Basin. 


MATERIALS AND METHODS 
( 1) Extraction of palynomorphs 

The soil samples were obtained by a rotary driller to a depth of 60 m. Accord¬ 
ing to the different sediments (see Table 1), 43 soil samples were chosen for pollen 
analysis. The extraction of fossil palynomorphs were made by using the method 
of Chung and Huang (1972: 119). Fossil palynomorphs from the sediments of lm 
to 36.8 m were completely mounted but sediments from 38.3 m to 60 m were only 
partially mounted into permanent slides. Identification of all prepared slides was 
done from the sediments of lm to 30m, and palynomorphs extracted from 
sediments of 30 m to 60 m were partly identified until the count of observed grains 
reached to about 500 grains. 

C 2 ) Identification 

For observation and identification, the Olympus photomax microscope and Zeiss 
Nomazuki universal microscope were used, but photographs were only taken with 


Table 1. Stratigraph of Wai-chia-tao-kcng profile II. 


Texture 

Depth(M) 

Sedimentation types 

Texture 

Color 'I 

|Depth(M)\ 

Sedimentation types 

Color 

0.9- 10 

1.4- L5 

24- 23 

2.9- 30 

34- 3.5 

Clay 

Brownish 

yellow 

333-33.4 

Peat 

Black 

333-33.9 

Clay with abundant 
coal 

Dark gray 

363-36.1 

Clay with small 
amount of sand 

Gray 

3.9- AO 

4.4- 4.5 

5.9- 63 

Clay 

Gray 

36.7-36.8 

Clay with slate 
fragments 

Gray 

383-384 

383-38.9 

Peat 

Black 

7.9- 8.0 

Gray 

Brown 

8.4- 83 

9.4- 93 

103-10.7 

113-11.1 

Clay with abundant 
coal 

Dark gray 

39.5-393 

Clay 

Gray 

403-40.1 

Peat 

Black 

413-41.1 

Peat 

Black 

41.9-423 

Clay | Gray 
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13.0-13.1 

Clay 

Gray 

42.8-42.9 

Clay with fine slate 

Gray 

14.0-14.1 

Clay with small slaty 
conglomerate 

Brown 




44.9-44.1 


Dark gray 

15.0-15.1 

Clay 



16/1-16.1 

gray 

45.5-45.6 

Clay with abundant 

< i ll 

Dark gray 

19/1-19.1 

20.0-20.1 





Sandy clay with slate 
fragments 

Gray 

48.0-481 

Clay 

Gray 

21/1-21.1 

Clay 

Grayish 

yellow 

50.0-50.1 

Clay 

Gray 

22.5-22.6 j 

Clay with small 
slaty conglomerate , 

Brownish 

red 

50.5-50.6 

Sandy clay occasion¬ 
ally with fine 
gravels 


24/1-24.1 

Clay 

Clay 

51.5-51.6 

53.7-538 

Dark gray 

27.5-27.6 Peat 

Black 

558-55.1 



29/1-30/1 

Clay 

Grayish 

white 

60.0-61.0 

Laterite slate 

Orange 


the Olympus photomax microscope. The standard references used were the same 
as reported in our previous work (Chung & Huang, 1972 a, b, 1973). 

Due to insufficient references at hand for the spores, fern spores will be 
grouped into the two main categories: monolete and trilete spores. However, I am 
fully aware of the significance of spore distribution in our region. Fern spores 
are abundantly found in the old sediments, and the ecological implication of ferns 
in Taiwan can be utilized. A detailed study of the fern spore flora of Taiwan is 
in progress. 

RESULTS 

More than 30,235 microfossils were analysed; of the microfossils 10,873 were 
fern spores and 19,363 were pollen grains (see Table 2). Of the fern spores, 7,954 
belong to the monolete type, and 2,919 belong to the trilete type. Of the pollen 
grains, 6 families, 12 genera and 511 grains of Gymnosperms, 96 families, 146 genera 
and 11,553 grains of Dicotyledons, 14 families, 15 genera and 3,319 grains of 
Monocotyledons, and 3, 980 grains of non-classificd grains or 10,483 grains of tree 
pollen and 4,810 grains of herbaceous pollen were analysed. The families and 
genera found in this profile were as follow: 

A. Gymnosperms. 

1. Cycadaceac ( Cycas }. 

2. Amentotaxaceac {Ament otaxus). 

3. Podocarpaceae ( Podocarpus ) PI. 1, Fig. 7. 

4. Pinaceae MWes, Kcteleeria, Pirca, Pinus, Pseudotsuga, Tsuga) PI. 1, Figs. 2-6. 

5. Taxodiaceae ( Cryptomeria , Cunninghamia ) PI. 1, Figs. 8-9. 

6. Cupressaceae ( Calocedrns) PI. 1, Fig. 1. 

B. Angiosperms ( Dicotyledons ). 

1. Acanthaceae { Justicia , Strobilanthcs) PI. 3, Fig. 15. 
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2. Aceraceae (Acer) PI. 1, Fig. 10. 

3. Actinidiaceae (Actinidia). 

4. Aizoaceae (Trianthemum). 

5. Amaranthaceae ( Aeura, Gomphrena) PI. 3, Figs. 16-17. 

6. Anacardiaceae. 

7. Anonaceae (Anona, Fissistigma). 

8. Apocynaceae ( Alyxia, Cerbera) PI. 1, Figs. 11-12. 

9. Aquifoliaceae (Ilex) PI. 1, Figs. 13-14. 

10. Araliaceae (Boerlagiodendron, Schefflera). 

11. Aristolochiaceae (Aristolochia). 

12. Asdepiadaceae. 

13. Balanophoraceae (Balanophora). 

14. Balsaminaceae ( Impatiens ).. 

15. Basellaceae (Basella). 

16. Begoniaceae (Begonia). 

17. Berberidaceae ( Podophyllum). 

18. Betulaceae (Alnus, Carpinus) PI. 2, Figs. 1-2. 

19. Boranginaceae ( Bothriospermum). 

20. Buxaceae ( Buxus ). 

21. Campanulaceae (Adenophora, Campanumoea, Codonopsis). 

22. Caprifoliaceae (Lonicera, Viburnum) PI. 2, Figs. 3-4. 

23. Caryophyllaceae. 

24. Casuarinaceae (Casuarina). 

25. Celastraceae (Gymnospora). 

26. Chenopodiaceae ( Chenopodium) PI. 3, Fig. 18. 

27. Chloranthaceae (Chloranthus, Sarcandra). 

28. Compositae ( Artemisia, Sphaeromorphia) PI. 3, Figs. 19-21. 

29. Connaraceae ( Rourea ). 

30. Convolvulaceae (Erycibe, Stictocardia). 

31. Cornaceae ( Helwingia ). 

32. Cruciferae ( Capsella , Arabis, Bras<iica("l), Senebiera) PI. 3, Fig. 22. 

33. Cucurbitaceae (Melothria) PI. 3, Fig. 3, Figs. 23-24. 

34. Daphniphyllaceae (Dapaniphyllum). 

35. Droseraceae (Drosera). 

36. Ebenaceae (Diospyros). 

37. Elaeagnaceae (Elaeagnus) PI. 2, Figs. 5-6. 

38. Elaeocarpaceae (Elaeocarpus, Sloanea) PI. 2, Figs. 7-8. 

39. Ericaceae (Rhododendron) PI. 2, Fig. 9. 

40. Euphorbiaceae (Antidesma, Breynia, Mallotus, Phyllanthus) PI. 2, Figs. 10-13. 

41. Fagaceae (Castanopsis, Pasania, Quercus) PI. 2, Figs. 14-18. 

42. Gentianaceae (Nymphoides) PI. 3. Fig. 27. 

43. Geraniaceae (Geranium). 

44. Gesneriaceae (Rynchotechum) PI. 3, Figs. 25-26; 28-29. 

45. Grossulariaceac (Ribes). 

46. Guttiferae (Hypericum). 

47. Halorrhagaceae (Myriophyllum). 

48. Hamamelidaceae (Liguidamber) PI. 2, Fig. 19. 

49. Hydrocaryaceae (Trapa) PI. 4, Fig. 1. 
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50. Juglandaceae [ Engelhard! ia, Platycaryai. 

51. Labiatae ( Mesona, Salvia). 

52. Lardizabalaceae [Stauntonia ). 

53. Leguminosae (Crotalaria. Caesalpinia, Desmodium, Medicago, Smithia, Vidal 
PI. 2, Fig. 20. 

54. Lentibulariaceae ( Utricularia ). 

55. Loranthaceae. 

56. Lythraceae (Lagerstroemia, Pemphis. Rotala) PI. 3, Fig. 1. 

57. Magnoliaceae ! Michelica, Magnolia) PI. 3, Figs. 2-3. 

58. Malpigiaceae ( Tristellateis .;. 

59. Melastomataceae. 

60. Meliaceae ( Melia ). 

61. Menispermaceae [Paracyclea ) PI. 3, Figs. 4-5. 

62. Moraceae [Ficus, Humulus. Morns, PI. 3, Fig. 6. 

63. Mysinaceae [Maesa] 

64. Myrtaceae ( Acmea, Decaspermurn, Eucalyptus, Jambosa, Syzygium } PI. 3. 
Figs. 7-8. 

65. Nymphaceae ( Nupha ). 

66. Oleaceae ( Fraxinus, Osmanthus ... 

67. Onagraceae ( Ludwigia) PI. 4, Fig. 2. 

68. Orobanchaceae (Aeginetai. 

69. Papaveraceae ( Corydalis). 

70. Pirolaceae <Pirolat PI. 4, Fig. 3. 

71. Piperaceae ( Peperonia , Piper . 

72. Polemoniaceae [Phlox). 

73. Polygalaccae [Polygala). 

74. Polygonaceae ( Polygonum) PI. 4, Figs. 4-5. 

75. Proteaceae ( Helicia) PI. 3, Fig. 9. 

76. Ranunculaceae ( Coptis). 

77. Rhamnaceae ( Rhamnus, Here hernia, Paliurus). 

78. Rosaceae. 

79. Rubiaceae ( Borreria, Gardenia, Ophiorrhiza, Tricalysia) PI. 3, Fig. 10; PI. 4, 
Figs. 6-7. 

80. Rutaceae [Citrus, Mur ray a, Reevesia, Sever inia, Zanthoxylum, PI. 3, Fig. 11. 

81. Salicaceae f Salix). 

82. Sauraceae ( Houttynia). 

83. Saxifragaceae ( Astilbe, Hydrangea, Schizophragma). 

84. Schizandraceae 'Kadsura). 

85. Scrophulariaceae ! Micrargeria,. 

86. Solanaceae [Datura, Solanum). 

87. Sterculiaceae [Kleinhovia). 

88. Symplocaceae ( Symplocos). PI. 3, Fig. 12. 

89. Tiliaceae [Triumfettiia) PI. 4, Fig. 8. 

90. Trochodendraceae [Trochodendron . 

91. Ulmaceae ( Aphananthe, Celtis, Tremna, Ulmus, Zelkova) PI. 3, Figs. 13-14. 

92. Umbelliferae [Caryptolepis) PI. 4, Figs. 9-10. 

93. Urticaceae. 

94. Vacciniaceae ( Vacctnium). 
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1: 1, Cupressaccac ( Caloccdrus ). WK2-(94)-114; 2. Pinaceae (Abies), \VK2-(10.5)-29; 3-4. 
Pinaccae (Pinus), \VK2-(39.5)-154; 5. Pinaceae (Pseudolsuga), \VK2-(9.4)-80; 6. Pinaceae 
(Tsuga ). \VK2-(33)-14: 7. Podocarpaccac ' Podocarpus WK2-(39.5)-154 : 8-9, Taxodiaceae 
( Cunningtmmia), \VK2-(10.5)-150; 10, Aceraceae, WK2-(48)-44; 11. Apocynaceae, WK2- 
(.m8)-81: 12. Apocynaceae ( Alyxia ). WK2-(10.5)-137: 13-14. Aquifoliaecae (Hex). WK2- 
(13)-38. 1. 3-4. 6-14, xlOOO; 2, 5, x400. 
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1. Betulaccae ( Alnus), WK2-(39.5)-43: 2. lietulaceae (Carpinus), WK2-(39.5)-127; 3-4, 
Capnfoliaceae ( Lonicera), \VK2-(36)-81: 5-6. Elaeagnaceae ( Elaeagiius), WK2-(48)-17; 
7-8, Elaeocarpacene ( Elaeocarpus \ WK2-(33)-80: 9. Ericaceae ( Rhododendron \ \VK2-(13)- 
63: 10-11, Euphorbiaceae (Antidesma), WK2-(10.5)-103: 12-13, Euphorbiaceae ( Phyllan■ 
thus), VVK2-(40)-47; 14, Fagaceae ( Cyclobalanopsis ), WK2-(19)-3: 15-16. Fagaceae (Panama), 
\VK2-(33)-48. WK2-(13)-25: 17-18. Fagaceae (Quercus\ \VK2-(36)-19; 19, Hamamelidaceae 
(Liquidambar), \VK2-(10.5)-30; 20, Leguminosae. WK2-(1 )-24. 1-20. x 1000. 




I. Lylhraccac (Lagcrstrocmia), WK'i-<:t:t)-13; 2-3. Magnoliaa-ac, WK2-1 la '-56, VVK2- 
(3881-26; 1-5. Mtnisperniaceac. WK2-(39.5)-64: 6. Moraccao. WKj !8)-34. 7. Myrtaceai 
( Jambusa \ \VK2-( 10.5)-63; 8. Myi laccae { Eucalyptus . WK': Hi j-r>2; p. I’lou-accac Ildicia) 
\VK2-(38J)-53: 10. Kubiaconc (Gardenia), WK2-m -71; 11. Rutaivac ( Zanthoxylum ' 

WK2-(10.5)-104: 12. Symplocacr.il' SympiocosK \VK2-(38.3)-64: 13. l.'lmao-ac (Ulmus) 
\VK2-(48)-8!): 14. l lmaceaf (Zclk..va\ \VK2-'38.3)-32: 15. Acanthaccac {Judicial WK2- 
(24)-4: 16-17. Amaranthaccae (Comphrena^, \VK '-;i)-31: 18. Chcnopixlinciac < Cht nopu 
dium), WK2-(l)-59: 19-20. Composnac (Artemisia), WK2 (In.;, ■ s:; 21. C»m|Misitac, WK2- 
(33)-35; 22. Cruciforac ( Wasabia). \VK2 38.8 -2!), 23 21. Cucm l.itacc.ir {Melulhrial WK2- 
(33)-35 : 25-26, Gesncriaccat*. WK2-I36M. 27. <«mi.mati at- i Nymphoidcs\ \V K2-(!M )-63; 
28-29. GeSneriaceae ( Rynchotcchum ), WK2-( 10.5)-88. 1-29, * KKto. 
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I. Hydrocaryaccac (Trapa), \VK2-(10.5)-f>2; 2, Oa.igrac- ><-, WK2- )-.n; 3. l’irolac< 
\VK2-(36)-46: 4-5. Polygonaceae : Polygonum). WK2-:. r >5)-47, WK2-(36)-51: 6-7, Kubiac 
(Borrtria ). WK2-( 105)-14'.i; 8. Tiliact-.u- (Triamfctla), WK2-(,l0.5)-8tt: 9-li>. FmbelUfei 
\VK2-(45.5)-46; 11, Araceac ( Arisaenm ), WK2-(24)-25: 12, Conimelinaeeae, \VK2-(2.5) 
13-14, Cyperaccae, \VK2-(33)-19. WK2-'36)-25: 15. Graminae, \VK2-(4.5)-53; 16, Pali 
(Artnga'f). WK2-(36)-51; 17. Typhaccae ( Typha ). \VK2-(45.5)-31. 1-17. x 1000. 
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PI. 5: 1-2. 7-9. trilete spores; 3-6. monolete spores; 10-11. concentricyste. 1-2, Mnrsileaceae 
(Regnellidium). WK2-(42.8)-40; 3. Polypodiaceae, WK2-^13)-31; 4, Polypodiaceae ( Pyrrosia ), 
WK2-C363)-26: 5. Pteridaceae (Hypoieph). \VKZ-(42.8)-28; 6, Davalliaceae ( DavaUia ). 
\VK2-(1.5)-5; 7. Pteridaceae (Pteris). WK2-(36)-4: a AzonolrUete. WK2-(l)-22. 9, 
Megaspore. \VK2-(38.8)-109; 10-11. concentricyste, WK2-(21 )-2, WK2-(33)-68, 1-8, xlOOO; 
9x20. 
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95. Valerianaceae < Pairiiiia ). 

96. Vcrbenaceae ( Yitexj. 

C. Angiosperms 'Monocotyledons ). 

1. Alismalaceac ( Sagittaria ). 

2. Amaryllidaccac ( Curculigo). 

3. Araceae ' Arisacma) PI. 4, Fig. 11. 

4. Commelinaccac ( Commelina , Floscopa) PI. 4, Fig. 12. 

5. Cyperaceae PI. 4, Figs. 13-14. 

6. Dioscorcaceac ( Dioscorca). 

7. Eriocaulaceac ( Eriocaitlon J. 

8. Graminac PI. 4, Fig. 15. 

9. Hydrocharitaceac ( Hlyxa }. 

10. Juncaccac {/uncus). 

11. Liliaccac [Liliunt, Far is). 

12. Palniac (Arcnga?, Phoenix?) PI. 4, Fig. 16. 

13. Potamogetonaceae ( Polamogeton ). 

14. Typhaccac ( Typha ) PI. 4, Fig. 17. 

DISCUSSION 


1. General information 

From the pollen and spore diagrams (Fig. 2), we can deduce the two following 
general points. 

A. Number of palynomorphs (see Table 2). 

The richness of fossil palynomorphs found in the different stratigraphic layers 
can be classified into five classes according to the numbers of grains. 

Class 1. Very rare: when less than 100 grains were extracted from a sample, 
there are five sedimentary layers of this type: 19 m, 20 in. 22.5 m, 44 m, and 60 m 
depths. 

Class 2. Rare: when between 101 to 500 grains were extracted, there are eleven 
such sedimentary layers: 2.5 m, 3 m, 4 m, 8.4 m, 13 m, 14 m, 15 m, 16 m, 21 in, 29.8 m, 
and 33.8 m depths. 

Class 3. Infrequent: when between 501 to 1,000 grains were extracted, there 
are eleven such sedimentary layers: lm, 1.5 m, 4.5 m, 7.9 m, 9.4 m, 11 m, 27.5 m, 45.5 m 
50.5 m, 51.5 m, and 53.7 m depths. 

Class 4. Abundant: when between 1,001 to 1,500 grains were extracted, there 
arc 13 such sedimentary layers of 5.9 m, 10.5 m, 33.3 m, 36 m, 36.8 in, 38.8 m, 40 m, 
41m, 42 m. 42.8 m, 48 m, 50 m, and 55 m depths. 

Class 5. Very abundant: when more than 1,501 grains were extracted, there 
arc four such sedimentary layers: 13 m, 24 m, 38.8 m, and 39.5 m depths. 

The texture of the sedimentary deposition decides the number of palynomorphs 
in each different stratigraphic layer. Sandy clay mixed with slate or lateritc slate 
produced less fossil palynomorphs while clay or peat produced abundant paly¬ 
nomorphs. 

The density of lloral composition may be estimated from the above data. 

Spores were extracted more abundantly than pollen grains in the stratigraphic 
layers of 1 m, 1.5 m, 2.5 in, 5.9 m, 10.5 m, 16 in, 19 m, 21 m, 22.5 m, 24 m, 27.5 m, 29.8 m, 
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38.8 m, and 50.5 m depths. 

Dicotyledonous pollen grains generally appeared more abundantly than the 
monocotyledonous ones, except in the stratigraphic layers at a depth of 27.5 m, 
38.3 m, and 41 m. 

Tree pollen grains were usually found in larger amounts than non-tree pollen 
grains except in stratigraphic layers of 21 m, 22.5 m, 27 m, 29.8 m, 38.3 m, 40 m, 41 m, 
and 48 m. 

B. Number of palynomorphic genera (see Table 3, Fig. 2). 

The number of palynomorphic genera can be classified into the following five 
classes. 

Class 1. Very rare: when less than 5 palynomorphic genera were identified, 
there were five sedimentary layers with such genera: 16 m, 19 m, 20 m, 21m, and 
60 m depths. 

Class 2. Rare: when between 6 to 15 genera were identified, there were eight 
such sedimentary layers: 2.5 m, 14 m, 15 in, 24 m, 27.5 m, 29.8 m, 33.8 m, and 50.5 m 
depths. 

Class 3. Infrequent: when between 16 to 30 genera were identified, there were 
twenty such sedimentary layers: 1 m, 1.5 m, 3 m, 4 m, 4.5 m, 5.9 m 7.9 m, 11m, 36m, 

36.8 m, 38.5 m, 38.8 m, 39.5 m, 40 m, 41 in, 42 m, 48 m, 50 m, 51.5 m, and 55 m depths. 

Class 4. Abundant: when between 31 to 50 genera were identified, there were 

eight such sedimentary layers: 8.4 m, 9.4 m, 10.5 m, 13 m, 33.3 m, 42.8 m, 45.5 m, and 
53.7 m. 

Class 5. Very abundant: when more than 51 genera were identified, there were 
two such sedimentary layers: 10.5 m, and 13 m depths. 

The degree of floral heterogeneity can be estimated from the above data. 

2. Special information 

This discussion particularly applies to our present knowledge of plant distribu¬ 
tion and of indicator plant(s),and concerns climatic, cdaphic and pedaphic conditions 
in Taiwan in order to enable us to deduce the past vcgetational types, its succes- 
sional history, and its ecological conditions. 

A. Habitats (see Table 4, Fig. 2) 

Three types of habitats are recognized: (1) aquatic, moist grasslands. (2) 
waste grasslands including cultivated lands and (3) forest sites. Palynomorphs 
appearing within forests included vines, climbers, woody trees and herbaceous 
undergrowth on forest floors and also epiphytes. The stratigraphic layers were 
identified on the basis of the abundance of different types of habitats based on the 
palynomorphs appearing as indicated below: (a) Forest site elements absolutely 
dominant when grains occurred in the forest sites occupying more than 90# of 
the total number of pollen grains, there were five such sedimentary layers at: 2.5 m, 
11m, 33.8 m, 36.8in, and 39.5m depths; (b) Forest sites elements abundant but with 
elements of aquatic moist grassland and waste grassland occupying more than 10# 
of the total number of pollen grains, there were eight such sedimentary layers at: 
1.5 m, 9.4 m, 13 m, 38.8 m, 48 m, 50 m, 51.5 m, and 53.7 m depths; (c) Forest site 
elements abundant, but waste grassland elements occupying over 10# of the total 
number of pollen grains and aquatic or moist grassland elements less than 10#, 
there were 19 such sedimentary layers at: lm, 1.5 m, 4 m, 4.5 m, 5.9 m 7.9 m, 8.4 in, 
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9.4 m, 10.5 m, 14 m, 33.3 m, 36 m, 40 m, 42 m, 42.8 m, 45.5 m, 50.5 m, 51.5 m, and 55 m 
depths; (d) Forest site elements abundant, but aquatic and moist grassland elements 
occupying over 10# of the total number of pollen grains and waste grassland 
clement less than 10#, there were three such sedimentary layers: at: 15 m, 16 m, 
and 24 m depths; (e) Aquatic or moist grassland elements most abundant, up to 
59.3# of the total number of pollen grains, there was only one such sedimentary 
layer which was at 29.8 m depth but 29 layers contained pollen from aquatic plants 
and concentricyst spores from lake plants. In the following 14 layers no aquatic 
palynomorphs were observed; 4 m, 5.9 m, 14 m, 15 m, 16m, 19 m, 20 m, 22.5 m, 33.8 m, 
36m, 36.8m, 42 m, 44 m and 50m; (f) Waste grassland element most abundant, 
there were four such sedimentary layers at: 3m, 19m, 27.5m, and 41 m depths; (g) 
Waste grassland elements, and aquatic or moist grassland elements more abundant 
than forest site elements, there were only two such sediemntary layers at: 3 m, and 
19, depths. 

The above data, shows that the forest sites elements were abundant through 
most of the geological times, next comes the waste grassland elements and the last 
the aquatic or moist grassland elements. Therefore, the habitat in this area has 
nearly always been occupied by forests, surrounding a shallow lake and never by 
marine elements such as were observed in the Neihu profile (Chung & Huang, 
1972b). 

B. Vegetation types (see Fig. 2). 

The past vegetation types were mainly identified on the basis of dominant tree 
pollen grains, but dominant herbaceous pollen grains are also listed as a supple¬ 
mentary evidence to indicate the climatic, and habitat conditions. 

The forest types were represented by an ecological unit such as an association 
of trees and a subassociation for grassland. The vegetation types for each stratigra¬ 
phic layer were analysed as follows: 
lm depth. 

Pasania/Castanopsis association. 

Compositae/Urticaceae subassociation. 

1.5 m depth. 

Pasaniaf Theaceae association and no herbaceous plant was dominant. 

2.5 m depth. 

Pasania association with no herbaceous plants dominant. 

3 m depth. 

Alnusf Myrica association. 

Grass/Cyperacea e-Polygonum subassociation. 

4 m depth. 

Alnus/Symplocos association. 

Cyperaceae subassociation. 

4.5 m depth. 

Alnus/Symplocos association. 

Grass/Cyperaceae-Cruciferae-Compositae subassociation. 

5.9 m depth. 

Symplocos/Qttercus ( Pasania-Castanopsis-Alnus) association. 

Euphorbiaceae/Grass subassociation. 

7.9 m depth. 

Alnus/Quercus ( Symplocos-Hydrangea) association. 
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Compositae/Cyperaceae-Grass subassociation. 

8.4 m depth. 

Alnus/Quercus t.Pasania-E\aeocarpaceac-Carpinus-Rhamnaccac-Liquidambcr-Pinus) 
association. 

Campaunlaceae-Grass/Euphorbiaccac subassociation. 

9.4 m depth. 

Quercus //l/»«s-Elaeocarpaceae ( Castanopsis-Carpinus-Pinus-Symplocos-Pasauia) 
association. 

Grass/Compositae (Cyperacea e-Myriophyllum) subassociation. 

10.5 m depth. 

Alnus/Symplocos ( Pinus-Pasania-Caprinus-Liquidamber) association. 
Grass/Cyperaceae (Cruciferae) subassociation. 

11m depth. 

Quercus/Alnus-Symplocos association. 

Cruciferae/Grass subassociation. 

13 m depth. 

Pasania/Alnus-Symplocos-Castanopsis-Pinus (llex-Erkaccae-Liquidambcr-Carpiuiis- 
Magnoliaceac) association. 

Cyperaceae-Grass//«s//c/a-Cruciferae-Uinbclliferae subassociation. 

14 m depth. 

Alnus/Symplocos association with no herbaceous plants dominant. 

15-16 m depth. 

Symplocos association. 

Cypcraceac subassociation. 

22.5 m depth. 

Magnoliaceae were abundant, but few grains were extracted, and no dominant 
community can be suggested. 

24 m edpth. 

Pasania/Symplocos association and no herbaceous plant was dominant. 

27.5 m depth. 

Moraccae association and Grassland subassociation. 

29.8 m depth. 

Symplocos/Polygonum association. 

33.3 m depth. 

Castanopsis/Qucrcus ( Alnus-Myrica-Pinus-Pasania-Sytnplocos) association. 
Grass/Cyperaceae-Compositae subassociation. 

36 m depth. 

Pasania/Quercus ( Svmplocos-Carpinus-Tsuga ) association. 

Grass/Cyperaceae subassociation. 

38 m depth. 

Pasania/Quercus-Alnus (Magnoliaccae-/ J /MHS-//<?je-/l/wws) association. 
Grass/Cyperaceae subassociation. 

38.8 m depth. 

/’rts«M/fl/Magnoliaceae-Q«creM 5 ( Alnus-Ilex-Pinus-Ulmaceac) association. 
Grass/Cyperaceae (Mcnispcrmaceae) subassociation. 

39.5 m depth. 

Pasania/Castanopsis-Pinus ( Tsuga-Alnus-Ilcx-Eiicaceac-Quercus-Carpinus ) associa¬ 
tion. 
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Grass/Onagraceae-Menispermaceae subassociation. 

40 m depth. 

Viburnum/Ilex-Pasania (Castanopsis) association. 

Menispermaceae/Grass subassociation. 

41m depth. 

i4/n«s/Magnoliaceae association. 

Grass subassociation. 

42 m depth. 

Castanopsis/Pasania ( Symplocos-Ilex} association. 

Grass subassociation. 

42.8 m depth. 

Qtiercus/Pasania { Castattopsis-Alnus-Tsuga-Pinus-Cunningkamia ) association. 
Grassland subassociation. 

45.5 m depth. 

Viburnum/Quercus ( Pasania-Castanopsis-Symplocos-Tsuga-Pinus) association. 
Grassland subassociation. 

48 m depth. 

Quercus/Carpinus { Pasania-Pinus) association. 
MyriopAyZ/ttm/Grass-Cruciferae-Compositae) subassociation. 

50 m depth. 

Quercus/Castanopsis (Symplocos-Carpinus-Liquutamber-V\mzcene) association. 
Myriophyllum/Grass subassociation. 

50.5 m depth. 

Castanopsis/Pasania association. 

Compositae/Grass subassociation. 

51.5 m depth. 

Quercus/Castanopsis ( Viburnum-Symplocos-Ilex-Tsuga ) association. 
Grass/Cyperaceae subassociation. 

53.7 m depth. 

Castanopsis/Pasania-Symplocos { Quercus-Tsuga-Picea ) association. 
Grass/Cyperaceae subassociation. 

55 m depth. 

Symplocos/Ilex (Pasania-MeYizceae-Tsuga) association. 
Grass/Cyperaceae-Umbelliferae-Compositae) subassociation. 

Some cold temperate elements were found in small amounts in many warm 
temperate stratigraphic layers, these palynomorphs, perhaps, can be treated as 
allopatric palynomorphs and exclude the existence at the area, for instance, pollen 
grains of Tsuga were found in the sediments of lm, 1.5 m, 7.9 m, 27.5 m. 33.3 m, 

36.8 m 38.3 m, 40 m, 41 m, 42 m, 45.5 m, and 50 m, and Abies were found in the sedi¬ 
ments of 8.4 m, 38.3 m, and 55 m. 

Dominant tree species varied slightly in the different stratigraphic layers, but 
all compositions belonged to the warm temperate elements of Lauro-Fagaceae 
association, except that the subtropical clement of Moraceae was dominant only at 
the depth of 27.5 m. The above data also suggested that the forest type of vegeta¬ 
tion constantly prevailed from the past to the present, and no evidence of defore¬ 
station has occurred here. Unfortunately this result tells us that our selection of 
this profile as a control site to investigate the initial time of grassland formation 
of Puli Basin was a mistake. 
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C. Climatic condition (see Table 5, Fig. 2). 

In the presentation of past climatic conditions, most palynologists only utilize 
the knowledge of the dominant indicator tree pollen grains and their climatic factors, 
but in this paper, the past climatic conditions are analysed on the basis of the 
percentage of whole palynomorphs which can be grouped into particular climatic 
conditions, and the suggestion of the possible past climate in this area is as 
follows: 

(a) Warm temperate pollen elements were absolutely dominant, when this 
element appeared as more than 90# of the total pollen grains, there are nineteen 
such sedimentary layers: 1.5 m, 2.5 m, 4 m, 4.5 m, 5.9 m, 9.4 m, 11m, 14 m, 15 m, 

22.5 m 24 m, 29.8 m, 33.3 m, 33.8 m, 36 m, 36.8 m, 39.5 m, 50.5 m, and 53.7 m depths. 

(b) Warm temperate pollen elements were abundant but cool temperate elements 
occupied over 10#, there are three such sedimentary layers: 13 m, 40 m, and 55 m 
depths. 

(c) Warm temperate pollen elements were abundant, but subtropical element 
occupied over 10#, there are eight such sedimentary layers: lm, 3 m, 8.4 m, 10.5 m, 
38.3 m, 41 m, 50 m, and 55 m depths. 

(d) Warm temperate pollen elements were abundant, but subtropical element 
equalled the number of cool to cold elements, there were two such sedimentary 
layers: 16 m and 36.8 m depths. 

(e) Subtropical pollen element were abundant, there was only one such sedi¬ 
mentary layer: 27.5 m depth. 

According to the above data, warm temperate climate has been prevailing in 
the Waichiataokcn area, except there was a subtropical climate at the depth of 

27.5 m. In some of the other stratigraphic layers, the climatic conditions were also 
mainly warm temperate but tended to be cool at the depths of 13 m, 40 m and 42 m, 
or tended to be hot at the depths 8 m, 6 m, 3 m, 8.4 m, 10.5 m, 38.3 m, 41 m, 48 m and 
50 m. The dominant climate at depths of 40 m and 55 m was warm temperate but 
there also appeared a large amount of cool temperate and subtropical elements, 
which might suggest that the vegetation at these two periods was complex. 

CONCLUSION 

1. The past climax plant community here was identified as having been a 
Lauro-Fagaceae association since the upper Pliocene to Pleistocine? or Recent? 
except that at the depth of 27.8 m grassland was dominant. 

2. A warm temperate climate has been prevailing in this area except that 
there were climatic fluctuations toward cool or hot during some periods. 

3. Aquatic pollen and concentricyste spores were found in more than 2/3 of 
the total layers studied. Perhaps, the habitat of this area was a lake surrounded 
by hard-wood forests in the past geologic times. 

4. Since there was no evidence for deforestation or grassland formation found 
in the Waichiataoken profile II during the Recent? period, the selection of this control 
site was not appropriate for realizing the main objective of this investigation. 

5. Based on the combination of climatic data and vegetation types deducted 
from the dominant forest types and floral composition which were used to indicate 
the particular climatic condition, three pollen zones were recognized. They were: 
A zone from depths 0 to 19 m which was again subdivided into four subzones, 
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namely subzone Al, at the depths of 0 to 4,5 m where the dominant vegetation type 
was Pasania-AIntts/Symplocos-Caslanopsis-Myrica association and the climate was 
warm temperate with a tendency toward hot; subzone A2, at the depths of 4.5 m to 
7.9 m where the dominant vegetation types was Alnus-Symplocos/Quercus association 
and the climate was warm temperate; subzone A3, at the depths of 7.9 m to 11 m 
where the dominant vegetation type was Alnus-Quercus/Symplocos association and 
the climate was warm temperate with a tendency toward hot, and subzone A4, at 
the depths of 11m to 19 m, where the dominant vegetation type was Pasania- 
Alnus-Symplocos/Castanopsis association and the climate was warm temperate with 
a tendency toward cool; B zone from depths of 21 m to 44 m which was again 
subdivided into four subzones, namely subzone Bl, at the depths of 21 m to 26 m 
where the dominant vegetation type was Grassland or Pasania/Syntplocos association 
and the climate was warm temperate with a slightly hot condition, subzone B2, at 
the depths of 26 m to 29 m where the dominant vegetation type was Grassland 
association and the climate was subtropical with a tendency toward warm 
temperate; subzone B3, at the depths of 29 m to 37 m where the dominant vegetation 
type was PasantaCastanopsis/Qucrcus-Alnus-Myrica-Symplocos association, and the 
climate was warm temperate, and subzone B4, at the depths of 37 m to 44 m where 
the dominant vegetation type was Pasatiia-Quercus-Castanopsis/Magnoliaceac-Alnus- 


Table 6. Pollen zones, past climate and past vegetation type of 
Waichiataoken profile II. since upper Pliocene 


Stratigraphy 

Vegetation (Association) 

Climatic condition 

Pollen 

Zones 

4.5 

Panama- Alnus /Symplocos Cos! an ops is-Myrtca 

1 toward hot 

A, 


7& 

AlmsSymplocos/Qucrcns 

toward warm 

A, 


114) 

Alnus Quercus/Symplocos 

toward hot 

A, 


194) 

Pasania-AlnusSymplocos/Castanopsis 

toward cool 

A« 


264) 

Grassland and Pasania!Symplocos 

toward warm 

B| 


27.5 

Grassland 

toward hot 

B, 

B 

37.0 

Pasania Castancpsis/Quercus-Alnus-Myrica- 
Symplacos 

toward warm 

B, 


44.0 

Pasania Quercns Castauopsis/Alnus-Ilex 

warm with wide 
fluctuation toward 
cool and hot 

b 4 


50.5 

Quercus/Carpinus-Pasania Castanopsis 

toward hot 

Ci 


534} 

Quercus-Castanopsis/Pasania Hex Symplocos 

toward warm 

c. 

C 

604) 

Symplocos/Hex 

warm with wide 
fluctuation toward 
cool and hot 

c. 
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Ilex association, and the climate was warm temperate with a wide variation between 
cool and hot climatic fluctuations; C zone from depths 44 m to 60m which was 
again subdivided into three subzones, namely subzone C t , at the depths of 44 m to 
50.5 m where the dominant vegetation type was Querctis/Carpinns-Pasania-Castanopsis 
association, and the climate was warm temperate with a tendency toward hot; 
subzone C2, at the depths of 50.5 m to 53.8 m where the dominant vegetation type 
was Quercus-Castanopsis-Pasania-Uex-Symplocos association, and the climate was 
warm temperate; and subzone C3, at the depths of 53.8 m to 60 m where the 
dominant vegetation type was Symplocos/llex association and the climate was warm 
temperate with a considerable variation of cool and hot climatic fluctuations. 

The above statements regarding past successive series of plant communities 
and their climatic fluctuation for this area can be seen in Table 6. 
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